At a shallow (7 m) near-shore sampling site in the Black Sea we analyzed composition, abundance, and biomass of benthopelagic organisms and the contribution these animals make to the total plankton. The site was monitored across several years (1996-2001; 2006-2007) whilst for 1999-2000 the seasonal variations were analysed. A total of 321 samples from Golubaja Bay near Novorossiysk (44u34931.040 N, 37u58945.110 E) in 1996-2007 were taken with a Judey net. The benthopelagic fauna was represented by 69 taxa, a diversity comparable to similar shelf areas. The benthopelagic component played an important role in near-shore plankton communities in the Black Sea accounting for 50% of the total zooplankton biomass at night during all seasons. Abundance and biomass of the benthopelagic animals showed seasonal fluctuations, the highest biomass being recorded during winter (.75% of the total zooplankton biomass) and early spring due to large amphipods, whilst the highest abundances occur during late summer because of numerous young stages of various taxa. Amphipods, mysids, and decapods are the main contributors to the plankton biomass and abundances. Both night and daytime samples are strongly recommended for the adequate description of the near-shore plankton communities.
Introduction
Interaction between ocean waters and the sea-floor causes a mixed benthic boundary layer which has proved to be ubiquitous in the World Ocean [1] . This layer contains the principal biotope where pelagic and benthic communities interact, and occurs from shelf depths to the abysss [2] . The benthic boundary layer harbours a diverse benthopelagic fauna both in the deep sea [3] [4] [5] [6] [7] , above seamounts and continental slopes [8] [9] [10] , and the shelves [11] [12] [13] [14] including sublittoral macrophytes [15] , coral reefs [16] [17] [18] [19] [20] , mangroves [21] [22] , estuaries [23] [24] [25] , and drifting algae [26] [27] [28] .
The benthic boundary layer is inhabited by three principal ecological groups: pelagic plankton (holoplankton), meroplankton (larvae of benthic animals), and benthopelagic plankton (also called demersal plankton, hyper-or supra-benthos) [2] . Holoplankton are dominated by copepods and chaetognaths, whilst meroplankton are the larvae of benthic animals,. The terms ''pelagic'' and ''benthopelagic'' are ecological, not systematic units; similar species of the same genus may refer either to pelagic or to benthopelagic animals, for example, decapods of the genera Oplophorus, Sergia, Sergestes - [2] , [10] , [29] [30] . One of challenges of benthopelagic fauna research is to develop a sampling method to separate benthopelagic and pelagic plankton near the sea-floor.
The first objective of this paper is to describe and test such a method, and to create a list of truly benthopelagic species.
The benthopelagic plankton migrate between water column and seabed to feed, hide or reproduce. Over shelves, continental slopes, and seamounts benthopelagic animals migrate diurnally, ascending to the water column at night and descending to the bottom/in the near-bottom layer in daylight hours. The diurnal vertical migration is one of the most important biological patterns of the benthopelagic fauna. These migrations affect whole populations and whole benthopelagic and pelagic communities [2] , [31] . Diurnal migrations involve major selective advantages for the participants, such as capacity to avoid diurnal visual predators, the ability to decrease metabolic consumption in deeper colder waters during the day, the use of other habitats during the pelagic phase, which may provide additional food resources, aids for species dispersal, and increasing the possibility of meeting a sexual partner [31] . As the diurnal migrations are an essential part of the biology of the benthopelagic fauna, the second objective of this paper is to analyse diurnal pattern of the near-shore plankton communities of the Black Sea.
As other temperate areas, the Black Sea ecosystems are exposed to seasonal environmental changes. Benthopelagic communities were surveyed at different seasons , but no continuous record of seasonal observations across a one-year period has been made previously. Here we present such a record and analyze seasonal variability of the benthopelagic plankton, as the third objective of this study.
The shelves are inhabited by a specific benthopelagic fauna. In most cases, however, studies were focused on the benthopelagic animals as such and no attempt was made to compare or estimate the contribution of pelagic and benthopelagic animals. Several estimations were made for the coral reefs and coastal areas of the Northwest Europe, but no information concerning ecosystems of the closed/semiclosed areas like the Black Sea is available. Such studies are, however, important theoretically if we try to understand structure and function of pelagic communities. Many pelagic species derive most of their carbon from emergent benthopelagic zooplankton by capturing small numbers of relatively large taxa, such as decapods and mysids [32] . The predation impact of benthopelagic animals on the pelagic zooplankton (33-154% of the zooplankton production) may be high and suggests an important role for this group in the water column [33] . Estimation of the contribution that benthopelagic animals make to the near-shore plankton communities in the Black Sea is the fourth objective of the paper.
Shelf benthopelagic communities are of a particular practical interest, especially in the areas of increasing anthropogenic pressure including fishing activity, oil spills and marine reserves. Daytime composition of the Black Sea plankton has been studied regularly over 80 years [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . However, almost nothing is known about plankton composition and dynamics at night when numerous benthopelagic animals are expected to swim in the water column. Intensive studies in 1960 s were focused on the surface water layer (0-45 cm) at night only. These observations showed that the ecological group called ''benthohyponeuston'' ( = benthopelagic plankton ascending to surface) make a significant contribution to the plankton abundance and biomass in the nearsurface layer (''neustal'') at night [49] [50] [51] [52] [53] . However, current knowledge is based on historical studies only.
Surprisingly, for such an explored area as the Black Sea, the dynamics of its coastal ecosystems between sunset and sunrise are poorly known. Nothing is known about the benthopelagic component of the near-shore plankton supporting the trophic webs of the fisheries. There is no previous information regarding possible human impacts on benthopelagic communities, and the possible effects of fishing activity, oil spills and marine reserves remain totally unknown. Knowledge of the recent state of the benthopelagic communities will provide a baseline for future surveys aimed at an estimation of increasing anthropogenic pressure on the plankton communities.
Materials and Methods

Sampling Area
The Black Sea is one of the largest intercontinental basins (area 436,400 km 2 , depth 2,212 m, volume of 547,000 km 3 ). The sea is the largest meromictic basin on Earth. Below ,100 to 150 m it is anoxic and inhabited only by bacteria.
Samples were taken in the Golubaja (''Blue'') Bay near Novorossijsk (Fig. 1 ) between 7 and 10 m deep and characterized by environmental parameters for the Northeast coast of the Black Sea [46] [47] . The local seafloor is covered with sand interspersed with scattered rocks and algae dominated by Cystoseira barbata. This biotope harbored benthopelagic animals by day.
Samples were taken in the Golubaja (''Blue'') Bay near Novorossijsk, GPS coordinates for the sampling site are 44u34931.040 N, 37u58945.110. Institute of Oceanology, Russian Academy of Sciences, responsible for this area, issued the permit for this location. The field studies did not involve endangered or protected species.
Sampling Approach
We took two sets of samples: day-and-night and seasonal. Dayand-night samples were to determine the diurnal dynamics of benthopelagic animals (precision 3 hours) and its possible variations at different seasons. Day-and-night samples were taken at all seasons with use of the same schedule: they started at 09:00, were taken every 3 hours, and ended next day at 12:00 (local time) ( Table 1) .
Seasonal samples were taken to determine the seasonal dynamics of benthopelagic animals throughout a year. Seasonal samples were taken using the same schedule: they started at 00.00 A.M. and finished at 00.15 A.M. every 10 days during the season 1999-2000, except the period December-February when samples were rare due to winter storms.
Plankton was caught at a distance of 170 m from the coast with a Judey net (mouth area 0.1 m 2 , mesh size 180 mm), towed at 50 cm s 21 from 6.5 m depth obliquely to the surface. All samples were accompanied by measurements of surface temperature with Shpindler thermometer and meteorological data.
A total of 321 samples (Table 1) were made from 1996 to 2007 to indicate benthopelagic animals.
Treatment of Samples
Samples were preserved in 4% seawater-formaldehyde solution and identified to species level where possible using a stereomicroscope. Species were identified with use of [54] [55] [56] , recent taxonomy was checked with use of Word Register of Marine Species [http://www.marinespecies.org]. For each taxon the number of specimens in the sample and individual sizes with the precision of 0.1 mm were recorded. On the basis of this primary dataset the individual weights, species abundance and biomass, and the total abundance and biomass were calculated with use of the Plankton samples treatment program PLANKTY [57] . When abundances and biomass (individuals and wet weight per m 3 ) were calculated, the filtration coefficient was assumed to be 1. 
Statistical Analyses and Data Availability
In order to test seasonal variations of the contribution that benthopelagic animals make to the total plankton biomass we used two non-parametric tests: (1) the Kruskal-Wallis one-way analysis of variance by ranks for combination of four seasons and (2) the Mann-Whitney U test for each pair of seasons.
To examine the possible correlation between temperature and biological parameters numbers, we used the Pearson productmoment correlation coefficient.
Information about sampling efforts is published in tables and figures of this paper. Primary field information may be sent on request and will further be deposited in the database www. inviders.ocean.ru recently organized by the laboratory of the first author.
Results
Species Composition
Sixty nine species were recorded which repeatedly (more then 10 times) occurred in the water column at night and were absent during the day (Table 2) . We consider these species to be diurnally-migrating truly benthopelagic (peracaridians, late decapod larvae at the megalopa stage). In contrast, the animals occurring in the water column during both by day and at night were treated as pelagic (calanids, comb-jellies) or meroplanktonic (larvae of bivalves, gastropods).
Our data show that the benthopelagic fauna of the Northeast coast of the Black Sea is represented by: Amphipoda (20 species), Mysidacea (6 species), Cumacea (7 species), Isopoda (8 species), Anisopoda (2 species), Decapoda (15 species), and Polychaeta (11 species). All recorded benthopelagic species were divided into 3 groups: (1) dominant, regularly recorded and composing at least 50% of the total plankton abundance or biomass during period of their maximal concentration; (2) rare species represented by less than 20 individuals in all the samples and (3) common species (regularly recorded and never composing 50% of the total plankton abundance or biomass). Twelve species dominated: 6 amphipods (Apherusa bispinosa, Echinogammarus olivii, Hyale pontica, Atylus guttatus, Gammarus insensibilis, Dexamine spinosa), 1 mysid (Siriella jaltensis), 1 cumacean (Nannastacus unguiculatus), and 4 decapods (late larvae of Hippolyte inermis, Diogenes pugilator, Pestarella candida, Xantho poressa). During all seasons, the main bulk of the benthopelagic animals ascended through the water column 1 hour after sunset (Fig. 2) . Total abundances and biomass were maximal around midnight and later decreased; around 1 hour before sunrise most benthopelagic animals disappeared from the water column again. During cloudy, windy and/or foggy weather benthopelagic animals stayed in the water column longer: they left the sea-floor K-1 hour earlier and returned K-1 hour later. Darkness hours increase considerably over the site in winter and there is a synchronously-increased period when benthopelagic animals occurred in the water column: from 8-10 hours in summer to 13-15 hours in the winter (Fig. 2) . Amphipods significantly contributed to the total abundances of the benthopelagic plankton across the dark period, especially in the first half-night, and dominated in the total biomass throughout the dark period (Fig. 3) . Juveniles of Apherusa bispinosa, Dexamine spinosa, Ericthonius difformis, as well as juveniles and adults of Caprella acanthifera ferox and Microdeutopus gryllotalpa occasionally occurred in the water column by day.
Decapods were present in the water column overnight dominating the total abundance and biomass near midnight and sometimes later during warm periods (Fig. 3) . Late larvae of Athanas nitescens, Diogenes pugilator, Pisidia longimana, Hippolyte inermis were occasionally present in the daytime. Mysids occurred in the water column overnight except the period February-June when were either present during first half-night or absent. Cumaceans were present during all dark periods, being abundant in summer and autumn, occasional in the winter but very rare in spring (Fig. 3) .
Isopods occurred in the water column overnight regularly, except late winter when they were absent (Fig. 3) . Juveniles of Idotea baltica basteri and Dynamene bidentata sporadically occurred in the water column by day.
Polychaetes occurred in the water column for short periods of time and were present only in summer (Fig. 3) . Small syllids Salvatoria limbata were the first benthopelagic animals to migrate from the bottom, usually 20-30 minutes after sunset. Heteronereid forms and juveniles of Nereis rava were recorded near the midnight.
Seasonal Variations of the Biomass, Abundance, and Composition
During all seasons, benthopelagic animals compose more than 50% of the total zooplankton biomass (Fig. 4) . Their contribution to the total plankton biomass seasonally changed (Fig. 5.1 ) being maximal during winter and spring. In summer, their dominance decreased and was minimal during autumn. In the winter, plankton consisted almost exclusively of the benthopelagic animals (mainly Amphipods). The share of benthopelagic plankton decreased in the progression: winter-spring-summer-autumn due to increasing growth and reproduction of the pelagic animals and meroplanktonic larvae. We observe synchronous increase of the standard deviations (SD) due to increased variability of the pelagic plankton and meroplankton biomass.
The Kruskal-Wallis one-way analysis of variance by ranks shows that the contribution of the benthopelagic animals to the total plankton biomass differs during four seasons at the p level 0.1 (df = 29). Further use of the Mann-Whitney U test indicates more statistically significant level between autumn and winter (p = 0.05, df = 8) and between winter and spring (p = 0.05, df = 12). The Mann-Whitney U test fails for the pair summer-autumn due to increased variability of the non-benthopelagic component at these periods and increased standard deviation.
The highest biomass of the benthopelagic plankton was recorded during winter and early spring (100661 mg m2 3 , n = 6) when adult amphipods dominated ( Fig. 5.2 ). This period was followed by the period of the lowest biomass (from the middle of March to the middle of May: 1063 mg m 23 , n = 6). From the middle of May to the middle of September the biomass rose (49639 mg m 23 , n = 12) and from the end of September to the end of November the biomass fell again (19614 mg m 23 , n = 6). Seasonal changes of abundance differed from those of biomass, being more gradual (Fig. 5.2) . In contrast to biomass, abundance was minimal during winter (664 ind m , n = 6) when most benthopelagic species reproduced. Since at these periods they were represented by larvae and juveniles, the increase in abundance did not lead to significant increase in the biomass.
Year-round observations showed that the major taxa of benthopelagic animals appeared in the water column depending on temperature (Fig. 6 ). Amphipods were present throughout the year excluding the middle of August when water temperature was maximal (26-27uC) . At this temperature the species stop diurnal migrations into the water column. Most taxa appeared in and disappeared from the water columns at similar temperatures (Fig. 5) . Only mysids appeared at higher temperatures.
Further analysis of correlation between temperature and available integral characteristics of the benthopelagic plankton revealed statistically significant correlations (p#0. The contribution which major benthopelagic taxa made to the total abundances and biomass varied with season (Fig. 7) . Amphipoda made the main contribution (32-97% in different seasons) to the total biomass of the benthopelagic animals. The second important group, Mysidacea, composed 1-36% of the total biomass (during autumn even more than the amphipod). Decapoda (18-31%) and Cumacea (7-8%) were less important.
In terms of abundance (Fig. 7) , Amphipoda dominated during winter and spring (79% and 86% of the total abundance of benthopelagic animals, respectively). During summer and autumn the dominant groups were Decapoda (74% and 32%, respectively) and Mysidacea (14% and 38%, respectively).
Discussion
Species Composition
The semiclosed meromictic Black Sea harbours an unexpected diverse benthopelagic fauna that includes 12 species dominating in plankton communities at night. Zaitsev [48] [49] and Zakutsky [50] [51] recorded a total of 23 zooplankton species in the Black Sea that appeared in the water column at night only and thus might be treated as benthopelagic.
Our studies have significantly extended this list and showed that the benthopelagic fauna at the studied site (69 species) is comparable to that occurring above the continental shelf and upper slope in similar geographic areas. In the Mediterranean, 62 taxa were found in Ebro River Delta, Spain [13] , 86 taxa were reported from the Gulf of Castellammare, Italy [58] , and 96 taxa occurred in Heraklion Bay, Crete [11] . Western European shelves harbour similar number of benthopelagic taxa: 52-97 taxa in Arcachon Bay, Biscay [59] and 118 taxa in Gullmarfjord, the North Sea [60] .
More distant tropical coral reef and mangroves communities, very rich and specious in general, contain the same order of magnitude (tens) of benthopelagic taxa [16] [17] [18] [19] [20] [21] [22] . Given a single site studied in the Black Sea, we may expect that the species list for this basin is longer and the benthopelagic fauna is at least as diverse as in similar geographic areas. En mass, we may suppose that within temperate and tropical latitudes the benthopelagic biodiversity does not significantly depend on geographic area and generally comprises 50-100 taxa. This hypothesis should be tested in future studies embracing a wider range of comprehensively studied biotopes. [66] . Thus, the total abundances of the benthopelagic plankton at the studied site fall inside the known limits and correspond to levels of organically-enriched biotopes near river discharges. One of possible causes of this phenomenon may be related to the nearby mouth of a small river, the Ashamba, whose impact to the nearshore communities still remains to be understood.
Diurnal Variations of the Biomass, Abundance, and Composition
The general pattern of the benthopelagic abundance and biomass is characterized by two main peaks in summer and in the winter. The former is associated with reproductive cycles and has been recorded also in the Mediterranean [13] . The latter may be specific for the shallow sites of intercontinental basins where the impact of terrigenous organic matter is significant.
Overall, the benthopelagic animals occupied the water column during the whole dark period from sunset to sunrise accounting for more than 50% of the total plankton biomass most of this time. The migrations start approximately 1 hour after sunset when the surface illumination decreases to about 1 lux [8] [9] . Similar level of illumination before sunrise makes benthopelagic animal settle to the sea-floor. Swimming activity varies individually and occasionally amphipod juveniles (Apherusa bispinosa, Dexamine spinosa, Ericthonius difformis) and even adults (Caprella acanthifera ferox, Microdeutopus gryllotalpa) may occur in the water column by daythe phenomenon previously reported [8] , [26] .
As soon as the sun sets, the coastal plankton communities drastically change. Numerous taxa ascend to the water column from the sea-floor. Appearance of these taxa is driven by biological factors. Most captured polychaetes bear eggs and are probably spawning. Amphipods and cumaceans are represented by mature males and females which likely couple. Juveniles of isopods and amphipods may act as dispersal stages. Stomachs of late decapod larvae and mysids are full of plankton and indicate that they mainly feed. Overnight the composition of phytoplankton significantly changes and these changes are also modulated by the seasonal variations.
Seasonal Variations of the Biomass, Abundance, and Composition
The seasonal dynamics of the benthopelagic abundances and biomass may be related to a number of environmental variables (temperature, salinity, stratification, turbidity, oxygen concentration). Maximum abundance may appear from early summer in shallow waters [62] to late autumn [67] ). Possible factors determining the maxima have rarely been considered, though in general, a link between benthopelagic abundance and food supply has been indicated [13] .
Trophic aspects may be important in the seasonal dynamics of the Black Sea benthopelagic fauna. Near the northeast coast both concentration of chlorophyll a in surface waters and primary production are quite variable, generally ranging from 0.2 to 1.0 mg m 23 and from 0.2 to 0.6 gC m 22 day 21 , respectively [68] . Average values, however, do not change seasonally and thus can not cause significant variations of the benthopelagic abundance and biomass. Allochthonous organic matter washed off the shores by winter storms and brought by small rivers may be significant contributors but their impact is local and still waits for future research to estimate.
Temperature is one of the most important seasonal factors that control biological processes within plankton populations and communities.
The share of decapods in the total abundance and biomass of the benthopelagic plankton is positively correlated with temperature. In the warm reproductive period decapods significantly contribute to the total benthopelagic abundances and biomass. Conversely, in the cold period decapods are adult and only occasionally occur in the plankton.
Conversely, the share of amphipods in the total abundance and biomass of the benthopelagic plankton is negatively correlated with temperature. Amphipoda is the only taxon abundant both in warm and cold seasons. In the winter and spring they account for the main bulk of the benthopelagic biomass, whilst in summer and autumn amphipods are overwhelmed by various taxa of seasonally reproduced benthopelagic animals. The sharp decrease of amphipod density and contribution in summer and autumn is probably related to the general biological cycle of peracarids, with a massive post-reproductive mortality of populations in late summer-early autumn after successive juvenile releases [13] , [67] , [69] [70] .
Amphipods and decapods are seasonal counterparts in the benthopelagic communities, the former being the leading group in cold period, while the latter significantly contributes in summerautumn.
Abundances and number of benthopelagic species are positively correlated with temperature. The main contribution to this phenomenon is made by numerous decapod taxa. Decapods are specious group of benthopelagic animals with high abundances. They sufficiently enrich the benthopelagic diversity and abundances during period of reproduction in summer and autumn.
The proportion of benthopelagic animals in the total plankton biomass and the biomass of benthopelagic plankton are negatively correlated with temperature. During summer-autumn the nonbenthopelagic component dominated by copepods with wellmarked seasonal cycles becomes a very important component. During warm periods this component reaches high biomass, while benthopelagic peracarids are not dense due to post-reproductive mortality and juvenile releases. Conversely, benthopelagic animals, mainly amphipods, demonstrate high biomass at cold seasons when they are represented by adults. It is in the winter when benthopelagic animals may use organic matter more efficiently because of low number of pelagic competitors.
Stratification hardly influences seasonal dynamics of the benthopelagic animals at the site, as the seasonal thermocline occurs at depth 10-30 m, and the water column at studied site is situated within the mixed layer across the year.
Seasonal changes in the abundances and biomass of benthopelagic taxa may also be a result of horizontal migrations from shallow to deeper waters. For example, mysids may avoid unfavorable winter conditions, e.g. low temperatures, winter storms. Such migrations have been reported from field and laboratory observations for mysids [71] [72] [73] . Conversely, the amphipods in same period may be attracted by large amounts of high-quality organic matter washed away from the shores. Similar migrating behaviour associated with wood availability has been recorded for the peracarids in the Bay of Biscay [71] and near Crete [11] . Conversely, mobile crustaceans [74] [75] can migrate away from unfavorable environmental conditions.
As a general conclusion, benthopelagic fauna of the northeast shelf of the Black Sea is rich and experiences clear diurnal and seasonal changes. These dynamics are a result of environment changes coupled with behaviour and life cycles of biota. The coastal Black Sea plankton drastically changes at night when the structure of the plankton communities depends on benthopelagic animals (in contrast to the daytime when holoplankton dominates). Both night and daytime samples are strongly recommended for the adequate description of the plankton communities of the semiclosed and other seas. The data presented were obtained at shallow depths in a single bay of the Black Sea. Future studies should show what happens above greater depths.
